INTRODUCTION
A sulphuric acid plant in Gejiu, Yunnan uses pyrite as raw material to produce sulfuric acid, which generates large amounts of pyrite firing residue in the process, and the pyrite slag contains iron, copper, silicon, and a lot of arsenic. At present a large amount of pyrite cinder is stored up or filled in buries processing, which not only occupies plenty of land, but also pollutes the air, water and the earth. The greatest environmental threat is connected with As, metal ores and disposal of the tailings [1] . The compounds of iron and oxygen are the main composition in a pyrite cinder, in which the content of iron is generally between 30%~60%. Many useful materials, such as Cu in the pyrite cinder, are kinds of valuable reused resources, but the sulfuric acid residue commonly contains higher impurity content. Especially, the presence of arsenic in the sulfuric acid residue will result in that the sulfuric acid residue cannot be recycled as iron concentrate. Arsenic influences the microstructure of the steel and reduces the mechanical properties. It can also cause a series of technological problems and environmental issues as a harmful element. Therefore, removal of the harmful impurities in the sulfuric acid residue and recycling of the iron resources not only eliminate the impact on the environment, but also get a certain degree of economic benefits.
Using sulfuric acid leaching method to remove arsenic has a lot of advantages. It does not produce dust, which is environmental friendly and can optimize production environment [2] , and can obtain good effect on removing arsenic. The content of the As in pyrite firing residue dropped from 3.35% to 0.20%, and the Fe grade from 51.15% up to 57.66%, that of copper decreased from 1.02% to 0.19%, and most of the copper were entered into leaching solutions. However, the sulfuric acid leaching solution with high acidity contains large amounts of harmful substance, such as arsenic [3, 4] , and its direct emissions will seriously pollute the environment. And copper in the solution will be subsequently lost, resulting in waste of useful metal.
Currently the most widely used method of precipitating arsenic is lime [5] , however, the produced calcium arsenate can be converted to calcium carbonate through an oxidation and precipitation processed by ferric ions has been studied in this work. In order to reuse the acid solution and recycle the cooper in the following process, ICP-MAS was employed to determine the content of As, Fe, Cu of acid-leaching solution and the solution after precipitation. Experiments used hydrogen peroxide as pre-oxidant, which was performed under different temperature, reaction time and at various pH levels. The formation process of insoluble ferric arsenate was analyzed by thermodynamic The results showed that the maximum extractions of arsenic and iron in leaching solution reached 99.89% and 99.77% respectively, and the maximum loss rate of copper was 3.35% when the end point pH value is 3 and reaction lasts for 10min at room temperature. Copper and arsenic in the leaching solution are respectively turned into copper sulfate solution and ferric arsenate slag to separate copper and arsenic.
Keywords: leaching solution of pyrite cinder; precipitating arsenic; ferric arsenate; comprehensive recovery; waste acid *Corresponding author: 512400943@qq.com because of CO2 in the air, so that the arsenic is released and pollutes the environment. Industry commonly used another method of sulfide precipitation of arsenic [6] , because it does not need to be oxidized, and its high degree of purification can be regarded as raw material of other arsenic compounds. The arsenic sulfide particles with low crystallinity is small, and precipitation performance is poor, so the solid-liquid separation is difficult, and arsenic sulfide precipitation slag is vulnerable to air dissolved oxygen and bacteria in the environment of erosion, which may cause secondary pollution.
This study is based on the principle of iron salts removing the arsenic, because the leaching solution contains a lot of iron and arsenic. Only adding the suitable amount of iron and sodium hydroxide can neutralize and precipitate the arsenic and iron from the leach liquor. The principle [7, 8] of this reaction is that copper and arsenic in the solution can be turned into copper sulfate solution and ferric arsenate slag at suitable pH value. The advantage of this approach is reducing the loss of copper, on the one hand, ferric arsenate slag has good stability [9, 10] , which can be directly buried.
EXPERIMENTAL

Materials
The leaching solution used in this work was generated form pyrite cinder sulfuric acid leaching experiment. In the sulfuric acid residue, Fe content reached 51.15%, As content was 3.35%, and Cu content was 1.02%. The main form of iron is hematite (Fe2O3) and magnetite (Fe3O4), that of arsenic is arsenic trioxide (As2O3), and that of copper is CuFe2O4. The leaching test was conducted under the following conditions: the concentration of arsenic removal reagent is 15%, the temperature is 60°C, the solid liquid ratio is 1:3, and reaction lasts for 3.0 hours. ICP-MAS were employed to determine the content of arsenic ion, iron ion, and copper ion in the solution, and the test results are as follows: 11.3g/L iron, 10.09g/L arsenic, and 2.04g/L copper.
Hydrogen peroxide (analytic purity) is used as oxidant to oxide As 3+ and Fe
2+
; ferric sulfate (analytic purity) was used as precipitant; hydrochloric acid (HCl) (analytic purity) was used to adjust pH; sodium hydroxide (NaOH) (analytic purity) was used as precipitation and adjusted pH.
Equipment used in the experiment includes: electrothermal blowing (Shanghai Nantong Scientific Instrument Co., Ltd.), electric mixer (Changzhou Guohua Electric Appliance Co., Ltd.), thermostatic water bath (Beijing Huaheng Wan Yi Instrument Co., Ltd.), vacuum filter (Tianjin Huaxin Instrument Factory), portable pH meter (Shanghai Kang Yi Instrument Co., Ltd.), etc.
Arsenic oxidation
Leaching solution containing Fe 3+ and small amounts of Fe 2+ , as well as a large number of As 3+ , As 3+ toxicity is 60 times [11] of As 5+ . The removal of As 3+ is more difficult [12] ). So the method would achieve a higher removal rate [13] . In view of this, it is necessary to oxide the As3+ before removing arsenic with ferric.
There are many ways to oxide As
3+
, such as hydrogen peroxide oxidation [14] , potassium permanganate oxidation, sodium hypochlorite oxidation, chlorine water oxidation [15] , etc.. The reaction process is simple clean, and does not introduce impurities due to the characteristics of hydrogen peroxide, so it is widely used in the oxidation of As 3+ . Studies have shown that under excessive oxidant micro thermal conditions, the leaching liquid oxygen lasts for 20 min, and the As 3+ oxidation rate can reached more than 95% [16] . This experiment used hydrogen peroxide oxide trivalent arsenic before precipitation, and the reaction equation is as follows:
Arsenic removal by precipitation with ferric ions
The first step of this reaction of removal arsenic with ferric ions is to hydrolyze ferric sulfate:
Ferric iron reacting with pentavalent arsenic generates ferric arsenate, and the reaction equations are as follows: This test uses sodium hydroxide (NaOH) as precipitant, sodium hydroxide with acid neutralization precipitation of iron and arsenic. In the meantime, insoluble metal hydroxide Cu(OH)2 and Fe(OH)3 are also precipitation.
According to the data calculation of solubility product, when the molar concentration of Fe 3+ , Cu 2+ are 0.202 mol/L and 0.032 mol/L respectively, and the thermodynamic temperature is 298K, the Cu(OH)2 and Fe(OH)3 precipitation to pH are 1.65 and 4.9 respectively. This shows that if the infinite increase of pH is a part of the copper precipitation, which is not conducive to the copper deposit in the solution, the end of the pH value of neutralization and precipitation should not be too high. After the reaction completes, the sediment is separated by filtration.
Arsenic analysis
ICP-MAS was used to determine the content of As, Fe, and Cu. Arsenic removal (η) was calculated by the following expression:
Where C1 and C2 are the arsenic concentration of the leaching solution (g/l) and a filtrate from arsenic removal tests (mg/l), respectively; V1 and V2 are the volume of the leaching solution and filtrate (l).
RESULTS AND DISCUSSIONS
pH effects on arsenic removal
The influence of pH on arsenic removal is shown in Figure 1 . With the increase of solution pH, the removal rate of Fe and As also increased, and the loss rate of Cu increased simultaneously. Fe and As removal rate reached 99.77% and 99.77% respectively, and the Cu loss rate is 3.35%, when pH=3; Fe and As removal rate increased modestly, and Cu loss rate increased significantly, when pH>3; almost there is no longer increases and the removal rate of Cu, when pH > 4.
Test results and literature reports [17] are basically identical. The test results show that Fe, As precipitation is not complete in solution when pH titration value is small, while high pH would increase the copper loss rate, which is not conducive to the extraction of copper in the next step. Integrate the removal rate of As, Fe and Cu loss rate to determine pH=3 as neutralizing precipitation of iron and arsenic test titration end point. So it can make sure the effective removal of Fe and As, and minimize the copper loss rate at the same time. According to the thermodynamic data of main materials and principle of chemical thermodynamics and electrochemistry, using HSC6.0 software for thermodynamics analysis, at the following conditions: temperature is 25°C, the iron ion concentration is 0.202 mol/L, and arsenic ion concentration is 0.135 mol/L. Potential-pH diagram of Fe-As-H2O system is shown in Figure 2 . Figure 2 shows the various possible materials in the presence of different potential and pH conditions: arsenic and iron at low valence is stable in the potential<0.8 solution; high arsenic and iron is advantage components in the potential>0.8 solution. Solution point level is below 0.6 and pH<0.6, the arsenic of the solution in the form of AsO + , exists in a smaller AsO + region; as pH continues to increase, the solution exists in the wide H2AsO2 region. When solution pH<2.32, and the potential is lower than 0.77, H3AsO4 is the advantage of arsenic in the solution components; when potential<0.58, 2.32<pH<4.6, the solution has a narrow H2AsO4 stable area; when the potential>0.77, pH<1.23, the stable region of Fe 3+ in solution; when potential>0.77, 1.23<pH<3.58, Fe 3+ and As 5+ in the solution to form the stable FeAsO4, which can be seen from the graph system; when potential>0.423, pH > 3.58, arsenic in H2AsO4 -form exists in solution, the removal rate of arsenic basic remain unchanged which in conformity with the experimental results when the pH>4. So this test to determine the pH value of 3 as neutralization precipitation titration end point is correct in theory. Figure 3 illustrates that the arsenic removal rate increases with the rising of temperature. The removal rate of the As at room temperature (25°C) was 99.89%; the removal rate of As at 85°C was 99.97%, and increased modestly. However, Cu loss rate increased significantly with the rising of temperature, from 3.35% in normal temperature, to 3.65% at 45°C, as the temperature rises to 85°C, and the Cu loss rate rose to 3.76%. Temperature has less effect on arsenic removal, integrating the As removal rate and loss rate of Cu. From the view point of cost savings, select normal temperature (25°C) for the best temperature and precipitation of iron and arsenic. 
Temperature effects on arsenic removal
Time effects on arsenic removal
The effect of time on arsenic removal is shown in Figure 4 . With the increase of time, the removal rate of arsenic in the solution increased gradually, but the increase was small; the loss rate of copper increased as time increases, but loss rate increase amplitude is small. Time changes on their effects are not obvious. Arsenic acid radical ion and iron ion reaction achieve the purpose of removing arsenic, in the case of stirring fully, and good contact with two kinds of ions, while the reaction is very fast under the condition. Therefore, the effect of the extension of time for arsenic removal rate is not obvious. And the change of Cu loss rate is not big because it does not reach the pH value of precipitation. 
Brief summary
The optimum conditions for arsenic removal experiments are: at room temperature, precipitation at the end of pH=3, reaction for 10 min, the largest arsenic removal rate was 99.89%, iron removal rate was 99.77%, and the loss rate of copper is only 3.35%. The experiment method that uses hydrogen peroxide oxidation trivalent arsenic in advance, and then neutralizes and precipitates by sodium hydroxide has the following advantages: (1) According to the relevant chemical formulas and calculations, the ferrous iron contained enough precipitated pentavalent arsenic in leaching liquid, which does not need to add new precipitant; (2) The reaction process of arsenic oxidation by sodium hydroxide is simple and clean, which does not introduce impurities; (3) Sodium hydroxide and hydrogen peroxide are cheap available products. On one hand, leaching liquid of the pyrite slag treatment technology can reduce the processing cost of manufacturer. On the other hand, removed arsenic will not cause pollution to the environment, and also can effectively recycle the copper of leaching liquid. To sum up, the processing technology can achieve environmental and economic benefits.
CONCLUSIONS
Based on the leaching characteristics, that leaching solution with high acid contains Fe, As, Cu. Use ICP-MAS to determine the content of arsenic ion, iron ion, and copper ion in the solution, and the test results are as follows: 11.3g/L iron, 10.09g/L arsenic, and 2.04g/L copper. Adopt the method of pre-oxidation, neutralization precipitation arsenic and iron. Copper and arsenic in the leaching solution is respectively turned into copper sulfate solution and ferric arsenate slag to separate copper and arsenic. In reference on the basis of a large number of literatures, the removal of As 5+ is more easily than that of As
3+
, and the As 5+ toxicity is far less than that of As 3+ . It is necessary to oxide the As 3+ before removing arsenic with ferric ions. The optimum conditions for arsenic removal experiments are as follows: at room temperature, precipitation at the end of pH=3, reaction lasts for 10 min, and the largest arsenic removal rate was 99.89%. Iron removal rate was 99.77%, and the loss rate of copper is only 3.35% under this condition, which has reached the extraction solution of the copper content standards.
According to the thermodynamic data of the main substances and the principles of chemical thermodynamics and electrochemistry, the test demonstrated the correctness of the end of pH value. The method eliminates iron and arsenic in the solution, makes the recycling of copper possible, avoiding pollution through the formation of a virulent stable ferric arsenate slag.
Overall, the methods have significant economic and environmental advantages.
